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report was submitted 24 July 1967 by the Air Force Weapons Laboratory Project
Officer, Lt Jeremiah U. Brackbill (WLRT).
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ABSTRACT

(Distribution Limitation Statement No. 2)

A hydrostatically stable atmospheric model is neccssary to perform theoretical
calculations of hydrodysamic motion in the atmosphere, on a digital computer.
This report presents thr:2e such models develcped at the Air Force Weapons
Laboratory for use in 1ts hydrodynamic computer codes. One is for the annu-l
mean temperate atmosphere (45° N latitude); one for the annual mean tropical
atmosphere (15° N latitude); and one for the summer subarctic atmosphere (60°
N latitude). The models are presented herein in tabular form and as FORTRAN
subroutines which could be placed directly into any hydrodynami. computer code.
For a given altitude (cm), the subroucines return a pressure (dynes/cm?),
density (gms/cm®), specific internal energy (ergs/gm), temperature (°K), and
(y - 1). The pressures and densities agrec with tabulated values to at least
1 part in 108 and temperatures to at least 1 part in 100. The atmospheres
experience an acceleration of no more than 3 parts in 10} in a first order
finite difference scheme with a zone size of 1 kilometer, the worst case.
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SECTION 1

INTRODUCTION

The Air Force Weapons Laboratory is engaz.d in research on the phenomenology
of atmospheric nuclear weapons detonations. This research consists of numerical
experiments-~-theoretical calculations ¢f various yield-altitude detonations--
performed on large memory, high-sneed computers. These calculations are made
by a series of large, complex, computer codes that enable prediction, from
essentially first principles, of the phenomenology from microseconds to minutes

after a detonaticn,

Three main codes are used: SPUTTER, a one-dimensional radiation transport
Lagrangian hydrodynamiz code; SAP, a one-uimensional Lagrangian hydrodynamic
code; and SHELL, a two-dimensional Eulerian hkvdrodynamic code that also has
the capability of doing radiation diffusion. The first, SPUTTER, takes the
radiative output directly from weapons design calculations, deposits the energy
in air, and calculates the rs‘iative and hydrodynamic growth of the fireball to
a time of about 1 second. It uses a multifrequency transpoert scheme involvirg
typically 20 frequency groups. The output of this code is used as input to
SAP, which calcuiates the hydrodynamic expansion of the shock wave at vartious
angles to the horizontal. The output of SPUTTER is also used us input to

SHELL, which calculates fireball growth and rise to late tiwmes.

These codes, or any hydrodynamic code in general, which pertorm hydrodvnamic
calculations in a reval atmosphere, need an atmospheric model that is stable in
a R~ gravity field; otherw.ise, the numer _-al integration of the hvdrodvnamic
equations will result in fictional vertical velocity camponents.

This report describes three stable atmospheric models develeped at tne
Air Force Weapons lLaboratory. The first medel is bases on data in reforence d
for an annual mean, tesporate atmosphere (453° N latitude) for altitades fror
sea leve' to 700 kilemeters., The secon. 1s based on data in refeveace [ for an

annual mean, trepical atmesphere (157 N 1atitude) fer altitudes from sea level

© e e e c————————— — ———— o o—
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to 90 kilometers and reference 1 for altitudes frem 90 to 700 kilometers.

The third is based on data in reference 3 for a summer subarctic atmospliere
i {60° N latitude) for altituces from sea level to 90 kilometers and refcrence 1

for altitudes from 90 to 700 kilometers

The Appendix contains a FORTRAN subroutine for the models. .
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SECTION 11

DERIVATION OF ThHE MODELS

1. Conditions and Assumptions

The molecular scale temperature is the defining property of the US Stan lard

Atmosphere, 1962 (Ref. 1). It is de«finucd vy the relationshi-

M
T8 = gy 1@ (1
where Tm(z) . moleculas scale temperature at altitude z
T(z) :© absolute temperature at altitude z
M(z) = molecular weight of air -t altitude z
Mo : molecuiar weight of air at sca level

The variation of the molecuiar scale temperature is defired as a series of
connected seguents linear in geopctential altiude to 90 kilomerers and in gec-
metric a'titude above 90 kilometers {(Ref. 1). Thorefore, we divide the temperate,
tropical, and subarctic models into 2i, 22, and 23 altitude groups respectively
from sea level to 700 kilometers and assume a linear molecular scale temperature

variation with altitu.e within each altitude greup. This variation has th:

form
T - i)+ (L)) L2
m - A i i
where zt the base altitude of the i-th alrit - de groun
L, fthe molecular sc. e temperature gracivat cver the i-to altitude
: group
T (z \ o T (z )
ANEREY AN
- 24
z, . -z,
i+ i
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We also assume the atmosphere behaves like an ideal gas in which case

o(z) = 3‘-‘-;—%%2%1 (3)

where p(z) £ rhe denaif: at altitude z
p{z) = the pressure at altitude z

R £ the urlve-sal gaes constant

Finally. we requi ' che atmospheric models to satisfy the condition of

stability given by the nvdrostatic uation

dip(c
L - o)) )
whure g(z) = the acceleration due to gravity at altitude z
2
g.,a"
0
(atz)?2 (3)
8o z the acceleration due to gravity at sea level
a = the rvadius of the earth

By combining equations 1 through 4, the hydrostatic equation becomes

Ql%(?)l,_ _ gO:OaZ )?[T ' _dz (L )( ) (6)
plz {a+z)* m‘\gi)‘* i z-zi]

Integration of gquation 6 from z, toz results in the final form, which is v .4

to calculate pressures in each altitude group.

.opz) ByM= ’ Em(zi) - (Li)(a*’)] )
a+zi}}2R

Ln p(zi) - [Tm(zi)u- ZLi (
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2, Calcuiations

To calcuirte the molecular scale temperatures, Tm(zi). and the molecular
scale temperature gradients, Li’ which define each atmospheric model, we take
the pressures listed ir references ], 2, and 3 corresponding toc the base
altitude of each altitude groun and the molecular scale temperatures as defined

by equation 2 tc be constants. With p(21+1)’ p(zi), Tm(zi), 2, g, R, and M_
known, equation 7 becomes

(8)

which i8 solved by an appropriate iterative technique to find that molecular
scale temperature gradient, Li’ which will satisfy equation 8 and thus, satisfy
the condition of hydrostatic stability for the i-th group. Then the molecular

scale temperature corresponding to the base altitude of the next altitude
group becomes

Tm(ziﬂ) = "‘m(zi) * (Li) (”1+1"zi) )

where I.i is the gradient just calculated. Then the calculation proceeds to the
next altitude group where the exact procedure is repeated. This proceduic is

repeated until the nolecular scale temperature and gradient have been calculated
for all altitude groups.

The calculation begins at sea level for which we take the molecular scale i
temperature as listed in references 1, 2, and 3. (This temperature can be
thought of as an "initi:-1 condition.” All other temperatures are defined by
the gradients obtained from the solution of equation 8 and equation 9.) Solu-
tiou of equation 8 provides L, which is used in equation 9 to obtain T,. Using

T,, equation 8 gives L,, which in turn by equation 9 gives T,, and so forth.




[0 TS, Dl e e b S a5y o 2L e e mm b« e an e e e eme e s . e e e . N

AFWL-TK~67-175

We cepeat ti.e abuve iteration for each model using the aporopriate data for

\
P(lil. Tm(O). and 8, a8 given by the references.

3. Iransition Region at 90 km for the Tropical Atmospheric Model

| we used the procedure outlined above to calculate the defining properties

of all three atmospheric models. However, in the case of the tropical model,
the arithmetic error between calculated and tabulated temperatures increased
i in magnitude and alternated in sign with increasing altitudes above 90 km,

| Thie result was caused by the poor match of data at 90 km provided by refer-
ences 1 and 2, Table I shows the difference in data proviced by the two

references at 90 km.
Table I

OIFFERENCE IN ATMOSPHERIC DATA FOR THE ALTITUDE
90 km GIVEN BY REFERENCES 1 AND 2

p(dynes/cm?) c(gn/cm3) T, (°K)
Ref 1 1.6438 3.1700 x 10~9 180.65
Ref 2 1.8620 3.5224 x 1079 184.15

Therefore, we created a transition region between 90 and 110 km to effect
a smooth transition from the data in reference 2 (0 to 90 km) to the data in
reference 1 (90 to 700 km). We did this by replacing the two altitude groups
! from 90 to 100 km and from 100 to 110 km by two groups from 90 km to an altitude,
| z, to be determined, and from z to 110 km.

i We determined the altitude, 2z, in the following manner. First, the basic
procedure outlined in section II-2 was used to calculate the molecular scale

temperatures and gradients for the altitude groups from 0 to 90 km, using the

data in reference 2, Next, we assumed that the isothermal region {rom 80.13
to 90 km actually extends from 80.13 km to the altitude, z; that is, Tm(80‘13) =
Tm(90) = Tm(z) or L(80.13»z) = 0. Then we calculated the alti* '~, z, by itera-

tion according to the acalysis below.

Since

-
p(110) | . p(z) p(110)
. [p(go) S [0 (L=0) i e (L. -0) oo

we have an equation that can be solved by an iterative method to give the

6
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altitude z. The first term on the right of equation 10 becomes
2
o RS2 g,Me z-90 an
p(90) Tm(90)R (a+z) (3+90)
The second term becomes
2 Q - -
. (110) . _ goMba Tm(,O) (L)(a+904 (z~-90)
p(z) [rm(90) -~ (L) (a+90)]3R (a+z) (a+90) *
. [a+90 T (90) + (L) (z-90)] a2
atz Tm(90) j ) .
The valucs p(20) and g, are known from reference 2; the values p(110), a, R,
and Tm(110) from reference 1; and Tm(90) from the calculation. Since L is a
function of z
L. Tm(110) - 32590) 3
110 - 2z
'
equation 10 can be solved by iteration to find z.
After finding the altitude z, and p(z) by equation 11, we resumed the
calculation of molecular scale temperatures and gradients for the altitude
groups from 90 to 700 km, using the method outlined in section I1I-2.
Similar differences between references 3 and 1 exist at 90 km for the

subarctic atmosphere. However, it was possible to generate a hvdrostatically
stable model without resorting to an artificial transftifon region. Research
on the subarctic model will continue to determine whether such & region will
indeed improve {t. In any case, the present subarctic model is adequate for

0T purposes.
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SECTION III

APPLICATIONS

When fitting an atmosphere into a mesh of cells for the purpose of solving
the hydrodynamic equations numericalily on a computer, it 1s necessary to define

a density and specific internal energy as well as a pressure to the atmosphere

p(z) = p(zi)e (14)
where
[T CE ’ L e
['l'm(zi - (L a+zi] R atz) (a+z,
[a+71 Tm(zi) + (El)(z-zi) ,
+ Liln at: Tm(zi) ) (15)
and
Ty S P
By the idezl ges law, the densmity at altitude z is
(z Ta(o)
pfz) = (o) ?;T;T >{0) (16)

where pfo), -{o), and T'(o) a;e the sea level values for pressure, densitv, and

nolecular scale temperature, respectively,

To obtain the specific internal energy, I(2), we require the equation of
state for air which will be used in the calculation (e.g., th: Dvan-Nickel

Equation of State for Air. reference 4) to retutn the same n-ossure as the

8
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atmospheric model. This involves a solution by iteration which proceeds a3
follows. Guess a value for y. Then, by the ideal gas law,

1{2) = an

—p(z) _
(y=-1)o(z)
where p(z) and p(z) are the values of pressure and density ac altitude, z, as
defined by the atmospheric model. Then these values for I{z) and p(z) are

entered into the equation of state for air which returns a value for

(Yeffective
- 1). Then, by the ideal gas law, the pressure is

pz) = ( 1)p(2)1(2) (18)

Yeffective
The iterstion continues until that combination of v and I(z) is found, which
will make the equation of state deliver the same pressure as the atmospheric

model, See appendix.

—— e R e Ty e e e s £ G it e s Sl
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SECTION IV
RESULTS
The annual mean temperate atmospheric model, the annual mean tropical i

atmospheric model, and the summer subarctic atmospheric model are given in
tables II, III, and IY, respectively. Tables V, VI, and VII show the
difference between the molecular scale temperatures at the base altitude of
each altitude group as listed in references 1, 2, and 3 and those calculated

for the atmospheric models.

The value for the altitude, z, used in the transition region of the
tropical atmosphere is 97.8406)1 km; that is, the two altitude groups making up >
the transition region extend from %0 to 97.84061 km and from 97.84061 to 110 km.

The appendix contains the models in subroutine form.
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Table I1

DEFINING PROPERTIES OF THE ANNUAL MEAN TEMPERATE ATMOSPHERE
(45 N latitude)

Molecular scale

Molecular scale

Altitude Pressure temperature gradient temperature
z{cm) (dynes/cm?) L (*K/cm) Ta (°K)

0.0000 1.01325 x 10% ~6.49291767 x 10™° 288.,150000
1.1019 x 106 2.26320 x 10° 9.28049177 x 107° 216.604540
2.0063 x 106 5.47487 x 10" 9.86254816 x 107° 216.688473
3.2162 x 106 8.68014 x 10° 2.77080370 x 1075 228.621170
4.7350 x 106 1.10905 x 10° ~1.72246873 x 1077 270.704137
5.2429 x 108 5.90005 x 107 -1.95999298 x 107> 270.616652
6.1591 x 106 1.82099 x 10% -3.91697376 x 107° 252.659197
7.9994 x 106 1.03770 x 10} 1.60823156 x 1077 180.575129
9.0000 x 106 1.64380 x 10° 2,9816673¢ x 1073 180.736048
1.0000 x 107 3.000 "x 10! 5.02020153 x 107° 210.552722
1.1000 x 107 7.35440 x 1072 9.97762308 x 107° 260.754737
1.2000 x 107 2.52170 x 1072 2.00108806 x 107" 360.530968
1.5000 x 107 $.06170 x 1073 1.49589024 x 107" 960.857386
1.6000 x 107 3.694.0 x 1073 1.00407491 x 107" 1110.446410
1.7000 x 107 2.79260 x 10”3 6.97598503 x 107° 1220.853900
1.9000 x 107 1.68520 x 1073 5.01601097 x 1075 1350.373600
2,3000 x 107 6.96040 x 107" 3.98897144 x 107° 1551.014040
3.0000 x 107 1.88380 x 10°* 3.31099390 x 1073 1810242040
4.0000 x 107 4.03040 x 1073 2.58868496 x 107> 2161.341430
5.0000 x 10’ 1.09570 x 107° 1.71252931 x 107 2420.209930
6.0000 x 10’ 3.45020 x 10°° 1.09162418 x 107° 2591.462860
7.0000 x 107 1.19180 x 107° 2700.625280

a = £.35670 x 10° cm

§ ~ 9.80665 x 107 cw/sec?

B - 8.31440 x 107 arg/mole/deg K.

¥ o« 2.80644 x 10' ga/wole
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DEPINING PROPERTIES OF THE ANMUAL MEAN TROPICAL ATMOSPHERE

Table III

(15° N latitude)

Molecular scale

Molecular scale

Altitude Precsure temperaturs gradient tesperature
t(ca) (dyaes/c?) L (*K/cu) T, °K)

0.000000 1.013250 x 108 -3.69962272 x 1073 299.,650000
2.254000 x 105 7.813300 x 10° -1.29419605 x 107" 291.311050
2.505000 x 10° 7.586100 x 10° -6.75109163 x 1075 288.062618
1.657000 x 108 1.013700 x 10° 4.11001824 x 107° 193.108515
2.211300 x 106 4.043000 x 10* 2.14811736 x 1073 215.890346
4.743200 x 106 1.188500 x 10° 4.20150001 x 1077 270.278529
5.149800 x 106 7.175600 x 102 -1.93134924 ¢ 1073 270.449362
5.965200 x 106 2.535100 x 192 -3.43722820 x 0% 254.701140
8.013000 x 106 1.100100 x 10} 1.98418410 x 1077 184.313581
9.000000 x 106 1.862000 x 10° -9.16634469 x 1077 184 509420
9.784061 x 108 4.549471 x 107!} 6.35832871 x 1073 183.790723
1.100000 x 107 7.356400 x 1072 9.74012527 x 1073 261.104121
1.200000 x 107 2.521700 x 1072 2.00803436 x 107" 338.505374
1.500000 x 107 5.061700 x 1073 1.44417115 x 107 960.915680
1.600000 x 107 3.694300 x 1073 1.05385251 x 107" 1105.132790
1.700000 x 107 2.792600 x 107} €.68110562 x 1075 1210.718050
1.900000 x 10’ 1.683200 x 107} 5.15616802 x 1070 1344.340160
2.300000 x 107 6.960400 x 107" 3.88307486 x 107° 1550. 586580
3.000000 x 107 1.88387) x 167° 3.317947186 x 1073 1822.402120
4.000000 x 107 4.030400 x 107° 2.4982809% x 10°° 2160349300
5.000000 x 10’ 1.098700 x 1073 1.79900870 x 1075 2410.177420
6.000000 x 107 3.450200 x 107¢ 9.94385149 x 107* 2590.078270
7.000000 = 107 1.191800 x 107% 2689.514780

a = 63370 x 1 ca

g~ 97831 x (07 om/sed

R = 8.31440 x 107 erg/emole/deg K.

N o= 2.9944 2 10 galeole

12
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Table IV 5
DEFINING PROPERTIES OF TME SIROGER SUBARCTIC ATHMOSPHERE
(60° N lstitude)
Molecular scale Molacular scale
Altitude Pressure temperature gradient tsmperature
) x(cm) (éynes/ca?) L (*K/cm) 1, ("0
0.0000 1,010 x 108 -5.15226593 x 1075 287.150000
4.9980 x 10° 5.41% x 10° -7.45507917 x 107 261.398978
1.0003 x 106 2.6758 x 10° 1.75752872 x 107% 224 .086304
2.3054 x 106 3.7248 x 10 1.21402825 x 1073 226.380054
3.2121 x 108 9.8883 x 10° 3.20422887 ~ 1073 237.387649
4.3237 x 106 2.2624 x 10° $.54484005 x 1078 273.005857
4.8303 x 10f 1.2140 x 103 5.03741727 x 107 275.814873
5.3376 x 10 6.5545 x 107 ~2.35321674 x 1075 278.370154
5.9476 x 108 3.0773 x 102 -4.51273516 x 107° 264.015732
7.9890 x 100 1.2772 x 10} -1.48368732 x 107° 171.892757
9.0000 x 106 1.7851 x 10° 3.31280965 x 107° 170.387694
) 1.0000 x 107 3.0078 x 1671 6.61953253 x 10°° 203.515791
1.1000 x 107 7.3544 x 1072 8.07805343 x 1073 269.711316
’ 1.2000 x 107 2.5217 x 107¢ 2.10740515 x 107 350.491850
L 1.5000 x 107 5.9617 x 1677 1.06709040 x 107° 982.7133%
;- L2200 x 107 3.8943 x 107} 1.47081912 x 10~ 1089.422440
1,7000 x 10’ 2.1926 x 107} 4.45679987 x 107° 1236.504250
1.9000 x 107 1.6852 x t07)? 6.37859718 x 127* 1326.440340
2.3630 x 107 6.9604 x 107 3.13145277 x 107% 1381.584230
3.0000 x 107 1.8838 x 107 3 99374107 » 1070 1800 . 783930
4.0000 x 167 4.030% x 1973 1.82856612 x 107° 2200 365530
! $.0000 x 10 1.0957 x 107° 232211247 .07 2384.210870
; $.0000 x 197 3.4502 x 107 2.47207408 x 10T 1838 487910
5 *.600 » 107 1.1918 x 107 2081, 208850
o |
]
3 s *» $.156% 2 (G* co
f ¢ 8o * $-818iL1 2 168 om/eec?
5 T e 831340 x 107 erg/mole/deg K.
N = 2.0944 x 10° ge/eole

13
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Tabls V

DIFPERIDICES BR.WEEE CALCULATED AND TABULATED YWM.BCTLAR
SCALE TRCERATURES 14 THE TENPERATE ~TMOSPNIRIC MODEL

Tebulate 1 Calculated
Altitude tesparatures temperatures b 3
() (& 4] *%) Difference
0.0000 208.19% 208 13 ©.000
1.101% x 108 216.85 216.6 -0.02i
1.0063 x 108 216.65 216.69 0.018
3.2162 x 00 228.65 228.62 -0.013
4.7350 « 108 270.65 210.70 0.020
5.2429 x 108 270.65 270.62 -0.012
6.1391 = 10°% 252.65 232.66 0.004
7.9984 x 16° 180.65 180.58 -0.041
9.u000 x 10% 180.45 180.74 0.0:8
1.0000 x 107 210.43 210.5% -1.046
1.1000 x 107 260.6% 260.7% 0.040
1.2000 x 107 3.4 360.5) -0.033
1.5006 x 107 960.6% 960.88 0.022
1.5000 x 10’ 1110.63 1110.43 -0.018
1.7000 x 107 1216.65 1210.83 z.017
1.9000 x 107 1330.¢5 1350. 37 .00
2.3000 » 187 1550.43 1351.01 €.023}
" 3,900 x 67 1630.65 183024 -0.022
£.0000 = 1¢’ 2:40.4% 2161. 34 G.032
5.9000 i 0’ *20.65 MM 0.8
.9000 x 17 390,63 2991.46 0.01
7.000¢ 5 307 1700.6% 270043 -5.901
14
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. Table VI i
i
DIFFERENCES AETWEEN CALCULATED A® TABULATED MOLECULAR !
SCALE TEMPERATURES IN THE TROPICAL ATMOSPHERIC MODEL |
‘ i
!
-
i
Tabulated Calculated i
AMtitude temperat. es tempe catures 1 {
(cm) °x) % & Difference ; ‘
0.000000 299.65 299.65 0.000 |
2.254000 x 10° 286.15 291.31 1.204
2.505000 x 10° 286.95 288.06 0.388
i
1.657000 x 1¢0° 193.15 193.11 -0.021
2.2 x 10F Z15.15 215.89 2.344
4.743200 x 10° 270.15 270.28 0.048 i
1
: 5.198000 x 10° 270.15 270.45 0.111 «
. $.965200 x 10% 25 .15 254.70 0.217
’ $.013000 x 10% 185.15 184.31 0.639 :
. 9.000000 x 10° 184.15 184.51 6.9:5 :
9.784061 x 10’ 184.15 183.79 -0.191 P
}
! 1.100000 x 107 260.65 261.10 0.174 !
f H
s 1.200000 x 107 360.65 358.51 -0.595 !
1.500000 x 107 960.65 960.72 0.028 i
1.60000C x 107 1116.65 1105.33 0.478
_ 1.700000 x 10’ 1210.65 1210.72 0.006 i
: i
1.900000 x 107 135055 134434 ~0.461
! ;
‘ ) 2.300000 x 107 1550 65 1550.59 -0. 004
3.000000 x 107 183).6% 1822.40 -0.451 i
4.000000 x 107 2160.6% 2160.35 0,614 ]
5.000000 x 10~ 3420.65 41218
{ ¢.00000¢ . 107 2399.43 1%90.08
' 7.000000 z i0° 270063 2689.51
H . . .
; H
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Tabie VII .
DIFPERENCES BETWEEN CALCULATED AND TABULATED MOLECULAR
SCALE TEMPERATURES 1IN THE SUFAKCTIC ATMOSFHERI MODEL
Tebulated Calculated
Alcitucle tamperstures texperatures b4
{em) (°K) (°%} Difference

0.3000 287.15 287.15 n.005
4,9980 x 105 260.15 261,40 8.480
1.0003 x 10¢ 225.15 224.09 -0.472
2.3056 x 108 225.15 226.35 0.348
3.2121 x 108 238.65 237.3Y -0.529
4.3237 x 10F 271.65 273,00 0.499
4.8303 x 108 277.15 275.81 ~0.482
5.3276 x 108 277.15 278.37 0.%40
5.9476 x 106 265.15 264,02
7.9820 x 108 171,15 171.90
9.0000 x 10¢ 171,15 170.39
1.0000 x 107 210.65 203.52
1.1000 x 107 260.65 263,71
1.2000 x 107 360,67 350.49
1.5000 x 107 960.65 982,71
1.6000 x 107 1110.65 1089. 42
1.7000 x 107 1210.65 1236,50C
1.9000 x 157 1350.65 1326.44
2.,3000 x 107 1550,65 1591.58
3.0000 x 107 1830.65 1800,79
4.0006 x 107 2169.65 2200.36
5.0009 x 107 2420.65 2384.22
4.0000 x 197 2596.65 2636.49
7.0000 x 107 2700.65 2661.,21
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SECTION V

CONCLUSIONS

The atmospheric models are darived such that the hydrostatic equation is

satisfied.

dlp)] _ o (2)g(2)

dz

In general, hydredynamic computer codes calculste dp/dz, the pressure gradient,
by finite difference methods which replace dp/dz by Ap/Az. This approxima*‘on

results in unwanted accelarations which can be written as

Az
z

as= p(z)

For example, given a code in which

(ép_ « R(z¥Az) - p(z-Az)
Az 2Az

z
and assuming = scale height, H, constant over the interval, Az, so that the
presaure, p(z), can be written

z-z
, - -2

B
p(z) = p (zo)e
one can expand (Ap/Az) in powers of Az/H so that to second order, the net
accelerations are
2

I R .A_E)
a=g8ziiyg
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For all practical purposes, this acceleration is negligible until the zone size,
b4z, becomes greater than a tenth of a kilometer. For exasrple, at an altitude of
25G km, the scale height, H, 1s about 5 kilometers and g about 900 cm/sec?. At
250 km, the scalz height bas its smallest value in the atmosphere so this
example will give a mecasure of the worst acceleration. If Az 1s J.1 km, the
above reiationship gives an acceleration of 0.05 cm/sec?. 1If Az is 1 km, the

acceleration is 5.0 cm/sec?,

The pressures and densities given by the atmospheric models agree with
tabulated values in references 1 and 2 to one part in 10° and temparatures’ to
one part inm 100,
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will return

WSP
WSR
WST
WSI

. WSU

WSV

GMONE

temperate atmospheric model.
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the
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APPENDIX

SUBROUTINE ATMOS

The FORTRAN subroutine appearing in this appendix is the annual mean

By inputting an altitude, TTY, the sgubroutine

pressure at that altitude

density at that altitude

temperature at that altitude

specific internal energy at that altitude
radiel velocity = 0

axial velocity = 0

1,

For the annual mean tropical stmospheric model or the suwmer subarctic

.

atmospheric model, replace the data in the TABZ, TABL, TABT, and TABP biocks
with the data appearing in tables III or IV as appropriate.
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GUSROUTINE ATHMO L V17 o WSP o WSRWST s 451 s WSU WEV « GMONE )
LAMENT (0N TABZ 221« TEBLI2Z). TART(2Z). TARP(22)

CALCULATE ATSISSPHERE

AZQADTIT BF THE FanTa IN CM,
CzACCFLTRATION DUE 7O GRAVITY IN CMe/SFC./5FC,

2NN RE6S FOR THD 1 EMPERATE ATMOSPHERE
sITALIRY TOR THE TROPICAL ATMOSPHERE
=021 4,1l FOR THFE SURARCTIC ATMOSPHERE
DxCAS FONSTANT (N ERGE/MOLE/DEG.

W=MOLEFLL AP WEIGHT OF AIR

L2866 IEATITF0R
G0, AAARESF+02
r=a,11484F4+07
W=D g BOAKALF +01

THE FOLLOWING DATA IN TABR?, TABL. TART. AND TARP ARE FROM TARBLE 2
END THE TEMPERATE ATMOSPHERE ., FOR THE TROPICAL OR SURARPCTIC ATMO-
CPHERre SUASTITUTE THFE DATA FPOM TARLFS 3 AND 4 RECPECTIVELY.

TAR? lc THE BASE ALTITUDE OF FACH ALTITUDE GROUP IN CM,
TARZ( 1)=0De .
TART( 2yz141010F40A
TaR?: 1y =24,00635+05
TAP,'( 4)1=3.2162F+06
TARZ( S)=8.7350E+06
TAOP( A1z ,2420F 406
TAR7( 7)=€s15S91E+06
TARZ( R)=T7,90948FE+06
TAAZ( D)1z=Q,0E+06
TARZ(17)=10,0E+06
TARZ(111=110E406
TARZ (17131206406
TART7(17)1=15,0E4+06
TeRT(14)=1640E406
TAAZ(15)1=17.0E+06
TARZ(161=10,0E4+06
TARP (1 7)=P3,NE+06
TAPRT(121=0,0F+06
TERPZ (101240 ,0F+06
TARZ{"N)=E0,0E+06
TARZ(21)1=600F4+06
TAR7(=2)=TN 0406
TAUL e THE MOLFCULAR SCALF TEMDERATURF GPRADIENT OF FACH ALT!TUDF .
CrNUD 1N NEC L/ CM,
TAS { | 1==Hed020 1 7TATF~N5
TASL( P31z O, ANGOITT7E~NSH
TARL( 7)1z QA62R4AI6F-06
TARL( A)=x 2 7TTNAO3T70E-0E
TAO Ll S)1=e~l72246073E-07
TACIL( Fyz=] 4 RO0A20ARAF-09
TARL ! T2y 1AQ7VIKRE-DE
TASL( ) 1 s ENPRRICAF 0T

20
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T AR iy
Tapl ¢ 10
TAGL LY 1
TASL {37y =
TaFL (1% =
TARL_ 14y =
TABL (1% =
TARL 115y =

TAR {175«
TAS (18y=
TATY vy o
TARL (> Ny =
TaRL 121y =
& TARY 1 - THF
- NI L el
TART{ i3z
TARTYL 2y=
TARYT( Ry =
TART! 4y =
TART({ 5)
TART( &)
TARY( 7)
TART( Ay
TAAT( Dy=
TART(10y=
TAT )11y =
TART (12 =
TAPT(1) =
TART(14) =
TAAT (15
TART (15)
TABT (17
TART (18)=
TART (19 =
TAQT(»0Ny =
TAPT(21)y=
TARTY (273 =
TARP ¢ THE

LI

i

oy

it

]

1, STEAGH

G I TEGESOIE-0S
SeN1ENINGTF=0F
q,TRGOTIS44E 0T
A, 3110035 6F 08
P SBARRAGKE~0S
1471 PBEPCI F=nE
1.NO16P51AF =0
MOLECUL AR
WEL TN
2.ARIRO0OCOESOD
2 166N8560E+02
2.1 668R473E402
NG Y2 B Srdal Yo F
F,TOT0GL2TIE402
Pe7TONH1E6EPF 402
245265910 7F4+02
1 ANSTSI2GES02
120 7TIB0GAFFND
2 I NSE2T22E402
24 5H0TESTATESLND
1.60530068E402
D ,ANRETIIAEELNS
1e1'044641E+03
1210053005403
13803 7360FE+07
1.551014G4F+03
1.RA3024204E4+03
2416134143540 2
2.02020993E+03
2 .SQ1862R6F+03
2.70062528F+01
DRFSSURE

SCALE TEMPERATURE CNRREFSOONDING

CORRFESONND ING

TAAD(
TARD(
TARMD (
TARD ([
TARMP(
TARO ¢
TAIM ¢
YARD (
TARP
TAFD ¢
TARD(
TARD {
TARD(
TARP ¢
TARD
YA
T AR (

1721401 328F+06
MYz R4 NAARNF4NS
Ny=R,a4T74PT7EAL0AQ
AY=RLHBRN18F 402
“yz1.10908E+02
£)z25,000n5F+n?
Tyi=1.B2099E+02
Tyz § 4QATIF 40O
My 1] LHATIAF OO
1M =3, 0078F~01
113127,3943E-02
1Y) GBI TE =00
123254061 T7E-=01
141321 ,6943€E-02
1Ry 20 TO2EHEF =0T
1512 sB/A%PE-(]
171 =6.0608F ~Na

TO THE Tag?

TO THME TARZ IN DYNES/CM/TM,

L v 3
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YOOON

)3

q]

el e el

(¢ 20 200 )

ann

YOI YYD YO Y O

a2

TABP(18)=1,883R8E-04
TARP (10144 0308E~0%
TARP(20)21,0957E-08
TARP (21123,4502E-06
TARP (221214191 RE-06

QHOZawsTARP (1) /{TART (1 )8R}
EZ=1,F+10

DO B0 JUAT=1.21 FOR THF TEMPERATE ATMOSPHEDRE
DC 80 JAT=z) .22 FOR THE TROPICAL ATMOSPHERE
NO AC JAT=z1,.23 FCR THE SURARCTIC ATMOSPHFRE

DO An JAT=1.23

ITITTv=TAAZ (JAT) )R ,82,.,80

CONT InUE

JAT=22) FOR THF TEMPFRATE ATMOGPHERE

JAT=22> FOR THE TRCPICAL. ATMOSPHERE

JAT=221 FOR THE SURARCTIC ATMOSPHERE

JAT=21

a0 THO n2

JATsJAT

CONSzARARGRW/R

DUMZz (TTY=TABZ(JAT)II/({A+TTY)IR(A+TARZ(JAT)))

DUM2s {2+ TARZ(JAT))/Z(A+TTV)
VARI2TART(JAT)-TABL(JAT)I#(A+TABZ(JAT))
VARZ2(TART(JAT)I+TABL(JATIH(TTY=-TABZ(JAT)))I/TART(JAT)
FS2COMNS/(VAR] #VAR] ) # (VAR #DUM2+TABL (JAT)#LOGF (DUMIRVAR2) )
WSO2TAQRD( JAT Y RFXDF (~F'S)
YSTaTAQT(JATI+TABL{JAT IR (TYY=TARZ(JAT))

WERsWEPETAST (1 ) ¥RNO? ZIWSTRTABR (1))

CALCULATF THC INTERNAL EMERGY

F50=0,

GAM1 2 &
DGM=z=n,00]
RHO=sWeD
E=wWeP/(GAM] #WSR)
ENY=F

DOAN-NICKEL SEMI=-PHYSICAL FIT O THE FQUATION OF STATE OF AR

TEMRFRATURES FROM 4N25 TO 1.5 ELECTRON VOL TS
DEMEITIES FROM 10882 TO 1Nes (=) NOIRMAL DFNSITY

PRECEUNE 8 (GAMMAL] o) #DHORE , WHFRE AAMMA 1€ A FUNCTION COF

NENEITY AND ENEOGRY
OHNA = ¥ATFD1 AL DENSITY

PHO? s 129356 MEGAGRAMS/CUSIT KILOMETEQ, [N THF UNITS OF TWE

DoAY EM
£ = ENERQGY/MASE
ET a | JFFOK/MEGAGREM, [N THF UNITS OF THE PRONLEM
GMANE o “AMNMA MINUR ONE
VAKE & DOSITIVE IF NEGATIVE, &ANN CONVERT TO FDKCS/MEGAGDAM
EsARCe(Fy /f7

‘m’
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103
t10a

1098

106

OGO N

107
108

109
11¢

111
112

11%

117
ite

.

ﬁcw593°AL°C(pHO/QHO7)/?o?ﬂﬁqul

THF ENERGY AT WHICH OXYGEN ALD NITROGFN DISSOCTATE e A
FUNCTION OF DENSITY

Cla(B ,%-£)/.97%

THE FFAMI=DIRAC FUNCTION IS ONLY COMPUTED WITHIN R,aDELTA £ OF
EACH TRANSITIONs OTHERWISE [T 1€ ONF OR Z*RO

IF (ARSF(E1)-%,) 106+103,1C3

IF (E1) 10%,10%,104

FOzEXDF («E/4,46)

FONEQ,

WS=1,

GO TO 107

FO=Q,

FONSEXPFE(=E/64+63)

wS=z0,

GO TO 107

DE1z,078% (QRHO/RHOZ) #%,05

EE128,5=4 ASTHPOWER

Cl=(EF1=-E)/DE]

WS=21l o /IFXPF(~E1)4+14)

FO=EXDF (=F/4,46)%WS

FONZEYPF(~S/6463)% (1 4~WS)

THE DFENSITY DEPENDENCE ONLY OCCURS ABDVE F=z1,, AND (T 1S OF
THE FORM (QHO/PHOI)IN(CONSTANTOLOG(E)). THE CONSTANT

MAKES A TRANSITION FROM 048 TC .029 AS THE OXYGEN DISSOCIATES
AND THE DENSITY SPREAD RECOMES CONSTANT REYOMD THE THIOQD PEAK
IF(E=14) 1084108,100

RETA=n,

G0 TO 110

55TA:(.0Q8’US+.O32§(lo*US))*ALOG(E)/203025851

E2=(E-404)/2,

IF (ARSF(F2v=® .1 114,111,111

IF (E2) 112,112,112

FN.OQ

wWS=0,

GO T0 115
ENZEXDF (~F/2545)
wWS=1.

GO TO 1158

DE2z24 , 8 (RHO/OHOZ ) #8 ,08%
EE2=2aC 8 (RHO/RHTZ 1 88,0157
E2=(E.TE2) /DE2

WEml oy /(EXPF =E2)41,)
FNREXDF (=F/2%,%)swS
533‘5-1600)/60
PETAzMFTAR(] o =wS)+,0a%0yS
TF (F342,) 116,117,117
Frel,

GC TO 118

FE2! 4 /(FXDPF {=E)a!,)
PHOFAC = {RMO/RHOZ ) *#RETA
G”ON{:(;1610.?*5'F0¢.280'FON*.lJ?'FN#.OSO.FF)CQHGFAC
PaGMCNE SENYSDNN

FSePewep

IF(FSy 009,1004,090

23
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e
1000

1001

1002
1003
1Q0a

IF(FSaFSOI1N01 4100041000
CAML xrAM Y DEM

FSOsFe

GO TO 1002

GAML =AML =D45M

OGM=DrM/ 100,

GAM]l u2AM | 4DCM
IF(GAMI§N044100341002
IFLABSF (DGM)~1 ,0E-10)1004+4900:900
WEls B/(GMONFRWER)
wsu=z0 .

wWSvs0,

RFTUON

FND
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